Abstract Intramedullary interlocking nailing for diaphyseal fractures is a standard treatment option in affluent societies. These procedures are often performed under image intensifier guidance. The cost of these gadgets precludes their common use in resource poor regions. External jig-aided intramedullary interlocking nailing is relatively cheap and offers the chance for performing these procedures in resource poor regions. The aim of this study was to document the advantages, challenges and outcome of this form of treatment in a resource poor setting. The Surgical Implant Generation Network (SIGN) implants and instrumentation were used for this study. Thirtyseven limbs in 35 patients were included. There were 30 males and five females giving a ratio of 6:1. The mean age was 35± 11.9 years with a range of 15-61 years. The femur and tibia were the bones studied with a total of 23 and 14 fractures, respectively (ratio 1.6:1). There were 14 comminuted fractures, two segmented fractures, six mal-unions, eight nonunions and seven simple fractures. Road traffic accidents were the most common cause of injuries with motorcycle accidents accounting for 19 (57.4%) cases. The mean follow-up period was 22±5.32 months, mean time to union was 16.9±5.4 weeks and the major complication was osteomyelitis (10.8%). We conclude that this is a viable treatment option for musculoskeletal injuries in resource poor regions. Education to encourage early acceptance of surgical intervention and reduced patronage of traditional bone setting for injudicious interventions can reduce the infective complication rates.
Introduction
Intramedullary interlocking nailing has revolutionised the treatment of long bone diaphyseal fractures and is considered the treatment of choice for these injuries [1, 2] . Interlocked intramedullary nailing is often performed with image intensifiers to guide placement of locking screws and is used as a minimal access procedure in many affluent societies. Intramedullary nails act as load-sharing internal splints, and locked intramedullary nails offer greater rotational stability while counteracting axial and bending forces [3] .
In resource-poor societies, intramedullary interlocking nailing is rarely performed and literature from these sources is scarce [4] . This is because image intensifiers are expensive and not readily available in these areas. Modifications of standard interlocking techniques have been described from less affluent societies [4, 5] . These modifications involve either the use of external jigs to aid screw placement [4] , or the use of regular screws with appropriately modified Küntscher nails [5] . A distal cortical window and an externally placed guide nail are useful in guaging slot position and screw placement in the latter [5] .
The use of image intensifiers allows a minimal access approach with closed reduction of fractures. When an image intensifier is not used, fracture reduction has to be open, although the incision is smaller than that used in the application of a plate and screw assembly [5, 6] . Image intensifiers however pose the risk of radiation exposure to the patient and operating team [5, 7] . The combination of costs and risks of unnecessary radiation exposure may therefore be factors that popularise the use of an external jig-aided interlocking system, especially in resource-poor settings.
In some centres in Nigeria, Surgical Implant Generation Network (SIGN) interlocking nails and instrumentation have allowed the use of interlocking nails for humeral, femoral and tibial diaphyseal fractures [4] . This has reduced the burden of provision of care on society because the instruments and implants are offered free of charge to the patients. Standard interlocked intramedullary diaphyseal fracture care with the documented advantages of early postoperative weight bearing, high rates of fracture union and low complication rates are some of the benefits to these patients if the technique becomes readily acceptable. The aim of this report was to document our experiences with interlocking nailing without image intensifiers. Since this may be the means to achieving improved outcomes in fracture care in resource-poor settings, the challenges posed by the technique and the advantages derived should be well understood.
Patients and methods
This was a prospective descriptive study lasting 17 months involving 37 consecutive long bone fractures, non-unions or mal-unions involving the femur and tibia which presented in our hospital and accepted the described technique. Patients had the procedure explained to them, signed an informed hospital consent form and were offered interlocking intramedullary nailing using SIGN implants, instruments and technique protocols.
Specific inclusion guidelines were generally agreed. Patients with simple diaphyseal fractures, comminuted fractures, non-unions and mal-unions who consented to the treatment option were recruited. Open fractures were only included if they were Gustilo and Anderson Type I and II fractures with wounds adjudged clean after irrigation and debridement. Medullary reaming was done in all cases except comminuted and open fractures. Each patient received prophylactic Ceftriaxone or Cefuroxime and Metronidazole. Spinal or epidural anaesthesia was used in all cases.
Technique
Preoperatively, nail sizes were determined by clinical and radiological parameters. In femoral fractures and when the antegrade approach was the technique of choice, nail length was determined by measuring from the tip of the greater trochanter to the superior pole of the patellar of the contralateral femur (x mm). The final nail length was determined by subtracting 50 mm from the distance obtained (x−50 mm) and correcting to the nearest whole number. The use of an X-ray on the contralateral femur for length determination was precluded by lack of resources. This also limits radiation exposure. In the tibia, nail length was determined by measuring from the tibial tubercle to the tip of the medial malleolus and subtracting 30-50 mm from the obtained length. Nail diameters were determined by measuring the diameter of the medullary canal and correcting to the nearest whole number after subtracting a magnification factor of 10%.
Intraoperatively, all fractures were approached and reduced directly using small incisions. The external jig and nails were assembled with instructions as contained in the SIGN instrumentation guide manual and instructional CD. Once the holes/slot in the nail have been aligned with the holes in the target arm using the alignment pins, the apparatus is disassembled, leaving the nail attached to the T-handle and the proximal and distal target arms coupled together. In the antegrade approach to the femur, the greater trochanter is approached and broached via a small incision over the trochanter. We routinely access the medullary cavity through the postero-lateral aspect of the greater trochanter. The cavity can also be accessed through the pirifomis fossa.
In the retrograde approach to the femur and the approach to the tibia, we access the knee joint through a straight incision over the anterior knee with splitting of the patellar ligament in the line of it's fibres. With the knee flexed 60-90°(we prefer 90°), adequate retraction and minimal excision the fat pad, the entry points on the femur (the middle of the intercondylar groove) and tibia (about 2 cm proximal to the tibial tubercle at the anterior edge of the tibial plateau) are identified and broached. Manual reaming is then performed to 3-4 mm above the pre-determined nail diameter. The medullary cavity is then lavaged with normal saline and the nails introduced. A soft tissue protector used during nail insertion prevents soft tissue devitalisation and nail contamination by skin organisms. The fractures are reduced and held before the nail traverses the fracture site.
We usually aim to allow the T-handle-nail junction to lie about 4 mm from the superior bone margin at the entry site. The target arm is then re-coupled to the T-handle and the alignment pins used to determine the sites of skin incision for interlocking screw insertion. Cannulae guide in drilling the interlocking holes, which are appropriately expanded using the step-drill. Correct screw hole-nail hole/slot alignment is determined by obtaining the "SIGN feel" using slot finders. Interlocking is then performed and the Thandle and target arms uncoupled from the nail. Wound closure and dressings follow standard techniques.
All patients were encouraged to do early range of motion (ROM) exercises for all joints. X-rays were done in the immediate postoperative period, at ten weeks postoperatively and subsequently at 16-18 weeks [8] . Crutch-aided full weight bearing was delayed until an average of 12 weeks postoperatively. Fracture union, non-union and chronic osteomyelitis were defined by radiological and clinical criteria. The mean period of follow-up was 22±5.32 months, and results were analysed using EPI-INFO 2002 (revision 2).
Results
Thirty-seven fractures in 35 patients who accepted the procedure were included in the study. The ages of patients ranged from 15 to 61 years with a mean of 35±11.9 years. Thirty patients (83.8%) were males, 18 (48.6%) were civil servants, ten (27.0%) were students, eight (21.6%) were businessmen and one (2.7%) was a clergy man. Two patients had bilateral lower limb fractures involving one femur and tibia each. Table 1 shows the causes of injury while Table 2 shows the type of fracture pathologies. Twenty-three (62.2%) fractures were femoral and 14 (37.8%) were tibial. Table 3 shows screw deployment.
The antegrade approach was used in 17 patients (45.9%) with femoral fractures; the retrograde approach was used in six (16.2%) patients. Fifteen patients (40.5%) had bone grafts. Complications included osteomyelitis (n=4, 10.8%), superficial surgical site infection (n=3, 8.1%) which settled, and implant failure with non-union (n=1, 2.7%). Two (33%) of the six patients who had a retrograde approach to the femur had varying degrees of knee stiffness. The majority (n=27, 73%) had no complications during the period. The most common intra-operative difficulty was distal locking which was encountered in ten patients (27%).
Overall mean union time for all fractures was 16.9± 5.4 weeks while the average healing time for femoral fractures (17.2±5.9 weeks) was longer than the average healing time (16.4±4.8 weeks) for tibial fractures. There was, however, no statistically significant difference between the mean healing time for femoral and tibial fractures (t=0.37, df=21, p>0.05). One patient (2.7%) required dynamisation.
Discussion
The burden of musculoskeletal disease is at the forefront of healthcare worldwide and the estimated lifetime cost of injuries is enormous [9] . Resource poor regions are not immune to the challenges these injuries pose. The biological and financial advantages of interlocked intramedullary nailing of diaphyseal fractures include early postoperative weight bearing, high rates of fracture union, early range of motion (ROM), low complication rates and reduced costs [2, [9] [10] [11] . The addition of interlocking screws allows control of rotational forces at the fracture site and represents a significant advantage over non-locked nails. Union rates between 95 and 99% have been reported with the use of interlocked intramedullary nails [2] . Many interlocked nails are performed under image intensifier guidance and this poses the risk of undue radiation exposure to the patient and operating team [7] . Image intensifiers are also expensive.
The Surgical Implant Generation Network (SIGN) interlocking nail is particularly suited for resource-poor regions [10] . The implants and instrumentation are offered free of charge and the system does nor require a fracture table, power reaming or image intensification. The solid nails used in the tibia, femur and humerus are the same. The challenge in resource poor regions is the increased burden of care occasioned by traumatic incidents and the attendant effects on their fragile economies. Poor roads, improperly maintained vehicles, illiteracy concerning road signs and lack of good emergency systems combine to cause a large number of road accidents and poor treatment outcomes [12] . These factors are aggravated by the increased patronage of traditional bonesetters whose interventions usually result in such complications as non union, malunion and gangrene [13] .
Thirty-five patients with 37 fractures accepted the procedure over a period of 17 months. Out of these, road traffic accidents accounted for 81% of the injuries. The mean age of our patients (35±11.9 years) compared well with that of the other published Nigerian study on interlocking intramedullary nails [4] . Malunions and non- 
unions accounted for a combined 37.8% of our patients. This is much higher than figures reported in a previous Nigerian study with a combined rate of 8% [4] . These were patients who had earlier refused surgery and opted for traditional bone setting. These results underscore the influence of poverty and illiteracy on decision making in many resource poor regions. All fractures in this series were approached and reduced by open techniques. The absence of an image intensifier precluded minimal access techniques. However, the smaller incision lengths required compared to those used for plate and screw osteosynthesis confers the advantage of less contamination, less soft tissue manipulation and less risk for infection [14] . These factors may have resulted in our comparable infection rates (10.8% osteomyelitis), considering the number treated after traditional bone setting interventions, and high rates of union (97.3%).
The management of postoperative chronic osteomyelitis was dependent on the stage of healing of the fractures. All patients who presented with chronic osteomyelitis and healed fractures had the nails removed, the medullary cavity reamed and lavaged. Marrow samples were obtained for microscopy, culture and sensitivity (MCS). The reamed marrow was then washed with an antibiotic solution and the patient placed on an MCS directed six to eight week course of antibiotics using the sequential intravenous-oral protocol. Serial Erythrocyte sedimentation rates and complete blood counts were used for follow-up. We have no access to C-reactive protein estimation. During the immediate six to eight weeks post implant removal and debridement, the limb was protected and weight bearing forbidden.
Patients who presented with chronic osteomyelitis without fracture union were managed with a suppressive protocol while waiting for union to occur. All the fractures eventually united and the implants were removed. We did not perform either an immediate or delayed exchange nailing in any of the patients who presented with postoperative osteomyelitis. We also did not use antibiotic impregnated beads or the modified Lautenbach procedure [15] for the treatment of any of these cases.
The overall mean union time of 16.9 ± 5.4 weeks compares with those of other studies [9, 16] . Reaming for most fractures and bone graft augmentation for non-unions may have contributed to our union rates. There was no mechanical failure in our study. The implant failure recorded was a loose screw. Mechanical failure in interlocked intramedullary nails occurs at the distal end, through the middle screw hole/slot, in instances where the "fracturelocking hole" distance is less than 5 cm and is due to increased stress concentration at the locking holes [11] . Mechanical failure is also common with non-standardised locally produced implants [11] .
Though statistically insignificant, femoral fractures took a longer time to heal in our study than tibial fractures (femoral, 17.2±5.9 weeks; tibial, 16.4±4.8 weeks). This may have been because there were more femoral malunions and non-unions who presented after intervention by traditional bonesetters. Crutch aided weight bearing was commenced at an average 12 weeks postoperatively. This was after X-rays showed signs of progressive union. Though early weight-bearing is one of the documented advantages of interlocked intra-medullary nailing, we delayed weight-bearing to reduce the cyclical loading stresses imposed by walking. This is necessary in our environment where the procedure is not readily accepted, a revision procedure would be more difficult to accept and where patients would likely disobey medical instructions concerning crutch aided touch down weight bearing. However, during the interval, active range of motion (ROM) exercises to the hips, knees and ankles were encouraged.
Our results do not show any significant influences on union rates and osteomyelitis by the number of distal and proximal screws used. Distal interlocking screw insertion presented intraoperative difficulties in 27% of our patients. This is where image intensifiers provide an advantage. Duration of surgery over time (Fig. 1) shows a learning process is necessary for surgeons beginning to use the technique. Each major upward spike occurred when more surgeons began using the technique and difficulties with distal interlocking was the major cause of intraoperative delays. Mild nail deformation and rotation as the nail passes down the medullary canal are likely causes of "external jignail slot" mismatches. The mean operating times however compare with those of other published studies [14] . Retrograde interlocked intramedullary nailing is useful in obese patients, patients with floating knees, and in older and osteoporotic patients [14] . Retrograde nail insertion for distal femoral fractures requires less soft tissue dissection compared to plate and screw osteosynthesis. There is therefore less blood loss, shorter operating times and reduced risk for infection. Postoperative knee stiffness can be a major complication, especially in patients who do not commence early knee-mobilisation and in situations as in resource-poor regions, where continuous passive motion machines are not available. This complication was seen in two out of six patients (33%) in our study who had retrograde nailing.
Conclusion
Overall, external jig aided interlocking intramedullary nailing yielded high union rates and minimal complication rates in our experience. This is significant when the number of patients who had been exposed to injudicious traditional bone setting interventions before enrolment is considered. Patients in resource-poor regions can thus have the documented benefits of this treatment modality combined with the advantage of reduced costs. Medullary reaming whenever feasible and bonegraft augmentation for all nonunions with this technique contribute to high union rates [16] . This is important in resource-poor regions with scarce finances and settings where surgical interventions are not readily accepted. Public education to reduce patronage and hence the complications of traditional bone setting and encouragement of early acceptance of appropriate surgical interventions will popularise the technique in the developing world with consistent results. Where local implant production is feasible, standardisation of production materials must be stressed to reduce the incidence of mechanical failure.
